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Simulation  hat  tn«  potontlal  for  becoming  a  major  fore*  multiplier  Influencing  aircrew 
readiness  In  the  1990s,  but  not  If  given  a  continuation  of  the  narrow  focus  characterizing  the 
field  today.  Major  underlying  reasons  are  perceived  to  be  more  closely  related  to  the  lack  of 
sound  training  ‘system*  design,  then  to  engineering  or  technology  Issues  per  se.  Computer  Image 
generation  and  newer  ‘hybrid*  systems  will  prove  capable  of  satisfying  current  and  projected 
scene  content  requirements.  Heed*  and  eye*coup1ed  display  systems  will  both  reduce  overall 
visual  system  costs  as  well  as  provide  h1gh*br1ghtness  displays  with  resolution  able  to  support 
even  the  most  visually  demanding  tasks.  Hardware  costs  will  moderate  but  software  costs  will 
continue  to  Increase,  especially  as  Increased  capability  leads  to  the  requirement  for  the 
simulation  of  greater  mission  complexity.  Together,  these  factors  will  work  against  the  need  to 
field  this  new  technology  at  levels  (a.g.,  wing  end  squadron)  where  frequent  aircrew  practice  of 
critical  skills  can  be  assured.  Instead,  costs  will  continue  to  drive  the  user  to  centralized 
facilities  for  both  advanced  range  and  simulator  systems  alike.  Access  to  training  at  this  level 
will  continue  to  be  Infrequent,  on  the  order  of  every  12*18  months.  Because  of  these  trends, 
potential  advantages  are  possible  through  a  functional  (and  In  some  cases  geographical) 
Integration  of  major  aircrew  training  resources,  advanced  simulators,  and  Instrumented  ranges.  A 
substantially  Improved  continuation  training  capability  at  the  unit  level  will  require  Improved 
concepts  of  onboard  simulation  and  embedded  training.  These  concepts,  to  the  extent  that  they 
would  make  maximum  use  of  the  operational  equipment  Itself,  must  be  consistent  with  the  need  for 
trelnlng  system  capabilities  adequate  to  support  Air  Force  2000  needs  to  field  and  sustain  a 
highly  mobile  and  dispersed  force. 


PREFACE 


This  paper  was  generated  as  a  part  of  a  program  of  rasaarch  documented  by  the  Air 
Force  Hunan  Resources  laboratory's  (AFHRl)  Technical  Planning  Objective  No.  3.  the  aaln 
thrust  of  which  Is  aircrew  training.  The  general  objective  of  this  thrust  Is  to 
Identify  and  demonstrate  cost-effect  training  strategies  and  training  equipment 
capabilities  for  use  In  developing  and  aalntalnlng  the  coaibat  effectiveness  of  Air  Force 
aircrew  Mahers.  This  paper  was  prepared  for  presentation  at  the  1964  US  Navy  -  US  Air 
Force  Science  and  Engineering  Syaposlua  held  at  the  Norfolk  Naval  Air  Station.  Norfolk, 
VA,  14-16  November  1964.  Opinions  expressed  In  this  paper  are  those  of  the  authors  and 
do  not  necessarily  represent  an  official  position  of  the  Laboratory  or  the  United  States 
Air  Force. 
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TRENDS  SHAPING  ADVANCED  AIRCREW  TRAINING  CAPABILITIES 
THROUGH  THE  1990$ 


I.  INTRODUCTION 

The  purpose  of  the  present  paper  Is  to  explore.  In  the  most  generic  sense  possible,  what  the 
‘next  generation'  of  advanced,  aircrew  training  capabilities  may  be  like.  The  results  are  based 
on  certain  assuaptlons  concerning  the  continued  devalopaent  and  use  of  slaulatlon  for  military 
training  and  the  application  of  related  technologies  to  training  settings  which  rival  the 
performance  environment  of  combat  Itself.  The  paper  centers  around  flight  simulators  and 
training  ranges,  as  currently  conceived,  with  emphasis  on  those  aspects  which  are  Important 
primarily  for  their  perceived  Instruetlonal/tralnlng  value. 

The  primary  emphasis  of  the  present  paper  Is  on  simulators,  as  opposed  to  ranges,  and  on  the 
major  trends  that  are  perceived  to  shape  future  capabilities  In  this  area.  It  Is  not  the  Intent 
of  this  paper  to  provide  a  comprehensive  review  of  simulator  training  features  nor  to  comment  on 
their  current  level  of  utilisation.  (See  Bailey  A  Hughes,  1980;  Bailey,  Hughes,  A  Jones,  1980; 
Hughes,  1978,  1979;  Hughes,  Hannan,  A  Jones,  1979;  Hughes,  Llntern,  Nightman,  Brooks,  A 
Singleton,  1982;  Polzella,  1983;  Rlcard,  Crosby,  A  Lambert,  1982;  Semple,  Cotton,  A  Sullivan, 
1981.) 

The  paper  Is  oriented  toward  the  behavioral,  as  opposed  to  engineering,  aspects  of  advanced 
simulation  capabilities  (Bailey  A  Hughes,  1980);  the  chief  concern  Is  with  the  functional  aspects 
of  training  and  instruction,  and  not  with  the  manner  In  which  such  functional  training 
caoabllltles  are  achieved.  The  paper  Is  more  speculative  than  prescriptive.  The  purpose  Is  not 
to  generate  a  list  of  simulator  training  feature  'requirements.*  In  fact,  the  discussion  which 
follows  Is  not,  In  the  majority  of  Instances,  descriptive  of  particular  individual  'features'  per 
se,  but  rather  Is  'speculative,*  at  best,  about  the  broad  class  of  capabilities  likely  to  be 
found  on  such  advanced  training  devices. 

A  primary  motivation  of  the  discussion  Is  to  make  the  point  that  one  cannot  adequately 
characterize  the  nature  of  such  advanced  training  features/capabllltles  independently  of  the 
manner  In  which  one  conceives  of  the  basic  training  system  structure  Itself.  Not  only  the 
technological  state-of-the-art  but  also  the  ability  to  cost-effectively  Implement  and  field  that 
technology  will  determine  the  structure  of  future  training  systems. 


II.  SPECULATIONS  ABOUT  FUTURE  TRENDS 

•Speculations'  concerning  the  nature  of  'next-generation*  training  features/capabllltles 
depend  not  only  on  the  future  state  of  the  simulator-specific  technologies  per  se  (e.g.,  Image 
generation,  visual  system  display),  but  also  on  those  technologies  which  support  other  major 
training  resources  at  well  (e.g.,  training  ranges,  ground-based  and  airborne  computerized  threat 
simulation,  time-state-position  Instrumentation,  onboard/embadded  systems). 

Assumptions,  too,  are  dependent  on  the  level  of  training  for  which  simulators  will  be  used  in 
the  future;  that  is  to  say,  whether  the  predominant  use  will  remain  that  of  Inltlal/baslc  skills 
acquisition  or  the  primary  application  will  be  the  Integration  and  maintenance  of  those 
higher-order  skills  exercised  under  combat  or  combat-like  conditions. 
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Infractions  Between  Expanded  Technologic*!  Capability 
and  Actual  Training  Capability 


A  direct  relationship  does  not  always  exist  between  technology's  ability  to  satisfy  a 
particular  training  need  and  the  user's  ability  to  transfer  that  technology  Into  an  effective 
component  of  an  overall  training  systea.  The  following  sections  atteept  to  draw  attention  to  this 
fact  by  pointing  out  certain  relationships  between  cost,  capability,  and  eventual  training 
Impact. 


Simulators  for  Higher-Order  Skill  Integration  and  Maintenance 

As  aajor  weapon  systeas  Increase  In  cost  and  coaplexlty,  there  appears  to  be  little  doubt 
that  slaulatlon  will  continue  to  play  an  Increasing  role  In  military  training  systeas,  both  at 
the  level  of  Initial  skills  acquisition  and  at  the  level  of  advanced  skills  Integration  and 
skills  aalntenance.  At  the  present  tlae,  aost  simulators  are  used  for  basic  skills  acquisition. 
This  Is  not  to  Imply  that  the  use  of  current  devices  Is  being  misdirected  toward  'simple*  skills, 
but  rather  that  the  strategies  and  approaches  appropriate  to  this  Instructional  level  are  more 
closely  related  to  teaching  aethods  associated  with  baslc-sklll-level  Instruction.  The  frequent 
use  of  simulators  for  Initial-level  training  is  more  a  function  of  the  state  of  the  current 
technologies  In  the  areas  of  visual  display  than  It  Is  a  natter  of  user  Intent.  Despite  the  fact 
that  research  and  development  (RAO)  devices,  such  as  the  Advanced  Simulator  for  Pilot  Training 
(ASPT)  and  the  Simulator  for  A<r-to-A1r  Combat  (SAAC),  have  been  used  to  show  substantial  gains 
In  both  offensive  effectiveness  and  survivability  (see  Hughes.  Brooks,  Graham,  Sheen,  A  Dickens, 
1902;  Jenkins,  1902).  such  device  capabilities  are  not  widespread  within  the  operational 
coaaiunlty. 


Future  lapacts  of  lower  Coaponent  Costs  and  Increased  Capability 

Even  though  the  future  costs  associated  with  critical  simulator  coaponent  technologies  aay 
decrease,  the  capabilities  which  advanceaents  In  these  technologies  win  make  possible  will 
dramatically  Increase.  Although  a  simulator  with  today's  capabilities  aay  cost  less  in  the 
future,  the  Increased  capabilities  afforded  by  technological  advances  will  serve  either  to 
maintain  or  to  Increase  procurement  costs  for  military  training  devices.  This  trend  will.  In  all 
likelihood,  work  against  the  desire  on  the  part  of  the  user  to  field  the  most  advanced  and  aost 
capable  technologies  at  the  operational  unit  level.  If  such  Is  the  case,  the  trend  toward 
Improved  device  capability  will  be  misleading  with  respect  to  Its  Impact  on  aircrew  readiness, 
since  Infrequent  aircrew  access  to  such  training  will  continue  to  be  the  chief  behavioral 
obstacle  to  sustained  performance  Improvement. 

This  trend  toward  Increased  capability  in  devices  whose  numbers  will  remain  extremely  Halted 
will  also  have  the  effect  of  forcing  a  major  centralization  of  such  advanced  training 
capabilities  Into  training  'centers.*  The  trend  toward  Increased  centralization  of  Halted 
training  resources,  If  not  pursued  beyond  that  point,  threatens  to  exert  a  force  counter  to 
requirements  for  Increased  mobility  and  Increased  dispersion  of  forces  In  the  decades  to  ccae. 

The  training  center,  however,  can  :erve  an  Important  function  in  an  overall  tactical  training 
systea  when  Integrated  with  a  viable  unit-level  training  capability.  Before  the  concept  of  a 
training  center  can  be  more  closely  examined,  some  discussion  Is  needed  regarding  those 
technologies  that  are  likely  to  exert  the  most  significant  impact  on  the  use  of  simulators  In  the 
90s. 
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Trends  In  Crltlcil  Component  Technologies  and  their  Impacts  on  Training 


The  Changing  Emphasis  in  Visual  Image  Seneratlon  and  Display:  tncraaaad  Emphasis  on  Visual 
Display  as  Opposed  to  luga  Ceneratlon  Capabllltlaa 

Kith  regard  to  the  simulator  component  technologies  themselves,  It  Is  assumed  that  visual 
system  llaltatlons  (e.g.,  llaltatlons  In  the  areas  of  scene  content)  field  of  view,  resolution, 
brightness,  contrast)  and  their  associated  costs  «111  cease  to  be  Uniting  factors.  In 
particular,  the  Image  generation  side  of  the  overall  visual  systea  equation  will  cease  to  be  the 
Most  significant  player;  Instead,  the  Means  for  displaying  the  imagery  will  becone  the  Major 
engineering  challenge.  There  Is  anple  evidence  that  this  has  already  becone  the  cate. 

With  respect  to  Inage  generation  capabilities  of  future  military  training  devices.  It  Is 
attuned  that  the  capability  will  exist  to  easily  generate  Multiple  Inage  'types*  (e.g., 
out-of-the-wlndow,  radar,  electro-optical)  from  the  same  physical  data  base  and  that  such  a 
capability  will  be  able  to  support  the  Increasingly,  sensor-based  aspect  of  future  military 
Missions.  Paralleling  advances  in  the  visual  technology  areas  are  assumed  to  be  a  greatly 
Improved  capability  for  interacting  with  elements  of  the  visual  data  base,  both  for  more  rapid 
and  flexible  data  base  generation  and  for  real-time  manipulation  of  objects  contained  In  the 
visual  data  base.  The  ability  of  the  visual  system  to  support  recognized  Instructional 
principles  of  discrimination  training  will  be  critical  to  effective  sensor  training.  Direct 
Instructional  control  over  the  various  visual  elements  contributing  to  task  difficulty  In  the 
overall  sensor-based  mission  will  be  of  utmost  Importance. 

With  respect  to  the  display  of  these  Image  forms.  It  Is  assumed  that  head-  and  eye-coupled 
display  technologies  will  be  perfected  to  the  point  where  requirements  for  large  f le'1-of-vlew 
displays  will  be  satisfied  using  a  minimum  of  image  generation  channels  (Neves,  1904;  Tong  & 
Fisher,  1984;  Welch  t  Shenker,  1904).  With  a  reduction  In  the  number  of  required  Image 
generation  channels,  the  system  costs  for  visual  simulators  may  become  manageable  enough  to 
permit  operational  basing  concepts  beyond  the  center  level.  With  head  and  eye  coupling  will  also 
come  the  Instructional  support  capability  of  being  able  to  monitor  operator  point  of  gaze  and  of 
being  able  to  use  such  Information  In  a  response-contingent  manner  for  Instructional  purposes. 

In  short,  the  assumption  here  is  that  head  and  eye  coupling  represents  a  critical  technology, 
the  applications  of  which,  will  become  increasingly  pervasive  throughout  the  decade  of  the 
nineties,  not  only  with  respect  to  simulator  display  technology  but  also  with  respect  to  actual 
in-flight  applications. 


Augmented  and  Enhanced  Cueing  and  Feedback 

When  one  dares  to  depart  from  the  design  goal  of  the  visual  system  as  being  that  of 
attempting  to  duplicate  visual  'reality,'  then  the  medium  becomes  an  extremely  powerful 
Instructional  tool.  It  has  been  shown,  for  example,  that  the  acquisition  of  difficult  tasks  can 
be  facilitated  through  the  use  of  visual  cues  not  normally  present  *1n  the  real  world*  (Hughes, 
Paulsen,  Brooks,  t  Jones,  1978;  Kaul,  Collyer,  and  Llntern,  1980;  Llntern,  1980).  A  reasonable 
assumption  Is  that  there  will  be  an  Increase  In  attempts  to  merge  the  type  of  graphic  analysis 
associated  with  post-mission  debriefing  displays  (e.g..  Information  Management,  Inc,  1983)  with 
the  primary  purpose  of  out-of-cockpit  and  senior  displays.  Integrated  use  of  such  an  analytical, 
graphics-based  capability  along  with,  or  In  close  conjunction  with,  the  primary  display  medium, 
may  substantially  enhance  the  ability  of  the  aircrew  to  develop  situational  awareness  In  complex 
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threat  environments.  It  Is  anticipated  that  substantial  emphasis  will  be  placed  on  the  use  of 
augmented  visual  feedback  (either  for  the  Instructor,  the  trainee,  or  both)  for  the  display  of 
Information  related  to  electronic  combat  engagements  and  effects.  In  this  and  other  areas, 
augmented  visual  displays  mill  make  It  possible  for  trainees  and  Instructors  alike  to  adapt  more 
directly  to  what  are  otherwise  Invisible  events  In  the  real  world  (see  Coblltz,  Verstegen,  i 
Hauch,  1963). 


Workload  Measurement 

Consistent  with  the  Intent  of  Integrated,  mission-level  training  Is  the  concern  with 
workload.  The  assumption  here  Is  that  as  simulator  component  technology  advances  on  the  one 
hand,  so  will  the  Independent  understanding  of  workload  (Frailer  &  Cromble,  1982).  With 
Increased  understanding  of  workload  will  come  the  means  for  effective,  unobtrusive  methods  for 
monitoring  workload  In  a  full-mission  context.  Where  workload  either  is  measured  or  Is  Inferred 
from  direct  observation  of  operators'  visual  performance,  the  same  technologies  that  will  make 
possible  head-  and  eye-coupled  displays  will  also  provide  the  means  for  monitoring  this  component 
or  Indicator  of  workload.  With  Improvements  In  psychophyslologlc* I  Instrumentation  methods, 
techniques,  and  telemetry,  additional  Indications  of  workload  will  also  become  available  (Reader, 
1962).  Together,  various  workload  metrics  (physiological,  primary  task  performance,  secondary 
task  performance,  etc.)  may  be  used  as  Joint  criteria  for  syllabus  proficiency  advancement. 


Embedded  Simulation  Models  for  Real-Time  Performance  Shadowing  and  Diagnosis 

It  Is  predicted  that  the  next  decade  will  witness  a  coning  together  of  the  traditional  areas 
of  mathematical  simulation  (modeling)  and  man- (n-the-loop  simulation.  Mathematical  models  are 
already  being  used  to  generate  weapon  flyouts  for  both  real-time  kill  removal  determination  as 
well  as  for  generating  post-mission  debriefings  to  supplement  feedback  from  range  environments 
where  natural  feedback  Is  lacking.  In  conjunction  with  this  Increased  reliance  on  analytical 
reconstructions  of  mission  performance  shall  be  an  Increase  In  the  use  of  such  models  for 
"shadowing*  real-time  performances  both  on  the  range  and  In  the  simulator.  When  combined  with 
advanced  data-processlng  capabilities,  such  shadowing  promises  to  Improve  both  real-time  and 
post-mission  diagnostic  capabilities.  Such  diagnostic  feedback,  when  combined  with  workload  and 
performance  metrics,  m1ght--aga1n  with  tne  help  cf  artificial  Intel  1 1gence--prov1de  an  effective 
adaptive  training  capability.  It.  would  be  wise,  however,  not  to  expect  too  much,  at  least  at 
first,  with  respect  to  the  ability  to  effectively  use  artificial  Intelligence  methods  to 
transform  Inherently  complex  performance  problems  to  simple,  more  manageable,  components. 


Centralization  and  Collocation  of  Major  Training  Resources 
(e.g.,  Training  Ranges  and  Simulators) 


The  concept  of  a  training  "center"  was  mentioned  previously  with  respect  to  the  containment 
of  major  simulator  resources  within  a  limited  number  of  geographically  fixed  "training  centers." 
The  center  concept,  and  the  centralization  of  training  associated  with  a  center  concept,  is 
generally  viewed  as  necessary,  due  primarily  to  simulator  affordability  concerns  rather  than 
underlying  Instructional  concerns. 

As  was  pointed  out  previously,  a  major  concern  regarding  "centers"  Is  that  the  center  alone 
will  not  be  able  to  provide  aircrews  with  frequent  enough  access  to  the  center  for  performance 
gains  to  be  effectively  maintained  over  time.  Although  such  an  assumption  begs  for  supporting 
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empirical  data.  It  fs  Inconceivable  that  rehearsal  (practice)  requirements  for  skills  such  as 
those  underlying  aircrew  performances  In  combat  should  be  any  less  rigorous  than  those  for 
Individual  and  team  performances  at  the  professional  level  of  any  sport  (see  Martin,  1984). 

The  training  'center*  concept  Is  not,  however,  one  that  should  be  discarded  because  of  Its 
Inherent  frequency-of-tralnlng  limitations.  Such  centers  will  prove  valuable  for  the  validation 
of  tactics  under  combat-like  conditions.  Validated  tactics.  In  and  of  themselves,  will  lead  to 
Improvements  In  aircrew  effectiveness  and  survivability  even  for  those  aircrews  who  do  not 
directly  participate  or  who  participate  only  Infrequently  In  such  tactics  development  exercises. 
Equally  Important,  from  a  strictly  pragmatic  standpoint.  Is  the  fact  that  the  center  concept 
represents  an  affordable  training  system  concept  that  can  be  Implemented  In  the  near  term,  even 
though  tne  same  technology  may  remain  cost  prohibitive  for  unit-level  application. 

Because  the  number  of  centers  will  be  limited,  it  mutt  be  assumed  either  that  Individual 
trainee/operator  access  to  such  centers  will  be  very  infrequent  or  that  the  Intent  of  the  center 
will  not  be  to  provide  training  to  the  Individual  trainee/operator,  but  to  provide  such  training 
only  to  some  subset  of  operators.  These  operators  (e.g.,  unit  weapons/tactics  officers)  would. 
In  turn,  disseminate  the  effects  of  this  training  to  unit-level  personnel.  If  the  training 
center  Is  to  be  effective.  It  fs  essential  that  there  exist  an  effective  unit-level  training 
capability  to  which  to  transfer  'lessons  learned*  at  the  center. 


The  Integrated  Slmulator/Renge  Training  Center 

The  training  center  concept,  however.  Is  more  than  simply  a  finite  number  of  major, 
geographically  fixed  simulator  facilities.  Because  the  1990s  will  be  characterized  not  only  by 
limitations  on  major  simulator  resources  of  this  type,  this  time  frame  will  also  be  characterized 
by  continued  limitations  on  adequate  training  range  facilities.  It  has  been  proposed  that  the 
center  concept  be  broadened  to  Include  the  co-location  and  full  functional  Integration  of  major 
simulator  centers  and  Instrumented  range  facilities.  Examples  of  Instrumented  range  capabilities 
Include  the  Air  Combat  Maneuvering  Instrumentation/Range  (ACMI/R)  and  the  Tactical  Air  Combat 
Training  System  (TACTS).  The  concept  of  an  Integrated  slmulator/range  training  center  represents 
a  potentially  powerful  training  system  concept  for  the  following: 

1.  Providing  a  significant  and  measurable  Improvement  In  the  effectiveness  of  range  training 
(measured  In  terms  of  the  quality  of  the  aircrew  end  product)  through  the  coordinated  use  of  the 
flight  simulator  to  raise  the  entry-level  range  skills  of  the  aircrew. 

2.  Maximizing  the  complementary  tralnlng/lnstructlonal  aspects  of  flight  simulator  and  range 
capabilities  (l.e.,  use  of  the  simulator  for  acquisition/maintenance  of  skills/techniques  and  use 
of  the  range  for  skill  Integration/composite  force  exercise  training). 

J.  Providing  an  Instrumented  'test  bed*  for  the  development  and  evaluation  of  an  operational 
mission  planning  and  combat  mission  rehearsal  capability. 

4.  Providing  a  real-time.  Interactive  capability  between  simulator  and  range  for  the 
execution  of  selected  aspects  of  composite  force  range  exercises  requiring  a  high  degree  of 
Interaction  between  surface  threat  and  aircraft  (e.g.,  the  Mild  Weasel)  and  a  lesser  degree  of 
Interaction  with  main  elements  of  the  strike  force. 

5.  Incorporating  diagnostic  mission  rehearsal,  debrief,  and  'refly*  capabilities  of  the 
flight  slnulator  with  feedback  and  debrief  capabilities  of  the  Instrumented  range. 
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6.  Providing  an  laaedlately  accessible  criterion  for  assessing  and/or  laonltorlng  simulator 
training  efftctlvtness. 

7.  Reducing  the  negative  Impact  of  teaporal  and  geographical  factors,  as  well  at  related 
costs,  associated  with  providing  frequent  aircrew  access  to  Major  simulator  and  range  coaponents 
of  coabat  crew  training. 

8.  Providing  a  significantly  laproved  developaental  test  and  evaluation  envlronaent  for 
advanced  weapon  systeas  concepts. 

9.  Providing  a  critically  needed  tactics  developaent  and  evaluation  tool. 


Advanced  Training  Features  for  the  Integrated  Slawlator/Range  Training  Canter 

A  host  of  possibilities  Is  available  for  advanced  training  features  associated  with  a 
multiple-cockpit,  aultl-sensor  device  capability.  Although  such  auttl-shlp  training  Is  routinely 
conducted  in  the  aircraft,  not  until  now  has  the  capability  existed  for  conducting  such  training 
In  the  controlled  envlronaent  of  the  slaulator. 


Stlaulus  Control  Versus  Response  Topography 

The  center  or  center-like  training  envlronaent  will  be  very  different  froa  the  training 
envlronaent  used  to  support  Inltlal/baslc  skills  acquisition.  Rather  than  the  eaphasls  being  on 
the  topography  (or  fora)  of  the  response  under  stereotypical  envlronaental  conditions,  the 
eaphasls  will  be  one  of  Integrating  established  'part-task*  or  coaponent  performances  Into  a 
full-alsslon  status  and  bringing  these  higher-order  perforaancas  either  under  very  precise 
stlaulus  control  or  seeking  to  establish  their  general  1 rabl 1 1ty  across  the  widest  range  of 
potential  tactical  contingencies  possible.  Stlaulus  control,  as  opposed  to  response  topography 
(l.a.,  fora),  will  becoae  the  driving  consideration  In  planning  for  Instructional  features  at 
this  level  of  training. 


The  Evolving  Instructor  Operator  Station  (IOS) 

Where  such  slaulator  trelnlng  has  been  conducted  In  slngleshlp  and  Halted,  eultl-ship 
settings,  the  lapllcatlons  are  clear  that  a  aajor  rethinking  of  the  Instructor's  role  (and  those 
features  that  support  this  role)  will  be  required,  as  will  be  a  rethinking  of  the  aanner  In  which 
such  perforaances  are  aonltored  and  controlled  froa  a  reaote  Instructional  station.  With  the 
advent  of  a  noalnal,  aultl-cockplt  device  capability  cone  the  questions  of  Independent  and 
coordinated  (Interactive)  use  of  cockpits;  use  of  coaputer-generated  eleaents  to  suppleaent 
■an-ln-the-1 oop  participants;  In-eockplt  or  off-line  replay/debrief;  perforaance  aeasureaent  for 
teaa  as  opposed  to  Individual  perforaance;  effective  displays  for  real-tlae  aonltorlng  of 
engageaents  consisting  of  multiple,  Interactive  eleaents;  etc. 

With  the  evolution  of  such  advanced  capabilities,  the  Instructor  operator  station  (IOS)  will 
potentially  take  on  other  novel,  but  related,  functions.  Using  current  Intelligence  Information, 
an  operator,  using  the  IOS,  aay  directly  configure  the  simulator  for  training  by  Inserting 
information  on  current  target  and  threat  conditions.  The  pilot,  or  trainee,  by  using  the  IOS  In 
a  different  mode,  may  accomplish  mission  planning  ,  .  .  perhaps  even  with  the  aid  of  an  eabedded 
diagnostic  capability  ,  .  .  froa  the  IOS.  The  pilot's  alsslon  plan  Is  used  by  the  slaulator  as  a 
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basis  for  selecting  appropriate  performance  measurement  algorithms  for  rehearsal  of  the  planned 
minion  In  the  simulator.  At  the  mission  Is  rehearsed  In  the  simulator,  the  mission  tape  can  be 
‘edited*  In  real  time,  on-line,  resulting  In  a  modified  tape  ready  for  Insertion  In  the  aircraft 
avionics. 

When  such  a  simulation  capability  Is  fully  Integrated  with  an  Instrumented  range  facility, 
(such  as  ACM1/R  or  TACTS),  a  multitude  of  novel  opportunities  for  Instructional  Intervention 
emerge.  The  Inherent  limitations  of  range  systems  to  adequately  portray  critical  after-launch 
cues  associated  with  ground  threats  can  be  compensated  for  by  the  visual  capability  of  the 
simulator  to  recreate,  using  stored  range  data,  selected  renge  engagements  for  re-execution  in 
the  simulator.  When  simulator  and  range  are  used  In  a  coordinated  manner,  neither  need  be 
required  to  support  a  level  of  training  unsuited  to  Its  Inherent  fidelity  limitations,  mission 
replay  or  refly  capabilities  Incorporating  the  full  range  of  cues  available  In  the  simulator 
should  greatly  Improve  debriefing  capabilities  as  well.  With  additional  processing  of  the  stored 
performance  data,  the  visual  display  capability  of  the  simulator  can  be  merged  with  that  of  the 
existing,  graphic  debriefing  station  to  provide  novel,  and  effective.  In-cockpit  perspectives. 


Shared  Feedbeck  Components 

With  respect  to  feedback,  It  Is  assumed  that  these  limited  training  centers  will  be 
co-located  and  functionally  Integrated  with  Instrumented  range  or  exercise  facilities.  The 
functional  Integration  of  range  and  simulation  device  suggests  a  multitude  of  possible 
instructional  features.  At  a  minimum,  one  would  anticipate  having  common  performance  measurement 
modules  capable  of  serving  both  range  and  simulator.  Additionally  a  high  degree  of  commonality 
would  be  expected  between  measurement  algorithms  used  for  range  and  those  for  the  simulator;  also 
the  means  by  which  range  and  simulator  Instructors  oriented  to  such  Information  (visually  as  well 
as  In  printed  form)  would  have  a  high  degree  of  commonality.  The  same  assumption  about 
commonality  would  apply  also  to  the  measurement  and  subsequent  debrief  of  Information  gathered 
from  onboard  or  embedded  training  systems. 

When  tne  simulator  and  range  are  thought  of  as  an  Integrated  Instructional  unit,  other 
possibilities  present  themselves.  Consider,  for  example,  those  exercise  elements  (on  the  range) 
having  a  requirement  for  a  high  degree  of  Interaction  with  various  aspects  (e.g.,  threat)  of  the 
scenario  but  with  a  lesser  requirement  for  Interaction  with  the  other  elements  of  the  range 
exercise.  An  Air  Force  example  might  be  the  F-4G  (Wild  Weasel);  an  Army  example  might  be  the  use 
of  artillery.  Such  exercise  elements  might,  for  example,  be  performed  In  a  simulator  and  the 
effects  generated  In  the  simulator  used  to  effect  corresponding,  real-time  changes  In  range 
system  target  and  threat  status. 

When  the  simulator  Is  linked  In  real  time  to  the  range  element,  the  possibility  exists  for  a 
new  level  of  Instructor  Involvement  In  the  range  environment.  Imagine  the  Instructor  seated 
either  at  the  ( I  OS )  or  'flying*  the  simulator  as  a  'phantom*  element  of  the  actual  flight  on  the 
range.  The  Instructor,  using  the  large  field  of  view  of  the  simulator  cockpit  and  the  powerful 
capability  to  select  any  desired  eyepolnt,  might  even  choose  'to  set  himself  In  the  backseat*  of 
one  of  the  single-seat  fighters.  The  Instructor  might  additionally  choose,  while  viewing  the 
fight  from  the  pseudo-backseat  position,  to  rotate  positions  so  as  to  obtain  an  unobstructed  view 
of  the  fight.  From  the  backseat  position  and  having  perfect  knowledge  of  all  elements  In  the 
fight,  the  Instructor  would  be  In  an  Ideal  position  to  provide  Instructional  prompts  and  other 
Information  to  the  pilot  In  the  actual  aircraft.  Using  the  same  capability  for  selecting  any 
desired  eyepolnt,  the  Instructor  might  move  from  plane  to  plane,  or  even  choose  to  occupy  the 
viewpoint  of  one  of  the  opposing  aircraft  or  ground  threat  site  ...  and  to  do  all  this  In  real 
time.  Such  a  capability  would  have  the  obvious  advantage  that  the  Instructor  would  at  all  times 
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be  totally  invisible  to  the  aaln  players,  but  at  the  seme  tlae  have  all  saae  Involvement  that  an 
airborne  Instructor  might  have,  plus  the  additional  Information  and  perspectives  that  only  the 
flight  slaulator  and  Its  associated  visual  systea  could  provide. 


Performance  Measurement  Requirements 

The  type  of  tasks  that  will  be  rehearsed  at  the  center  level  all)  result  In  an  Increased 
emphasis  on  performance  aeasureaent,  especially  as  It  relates  to  accuracy  requirements  for 
aonltorlng  and  scoring  weapons  effects.  Perforaance  aeasureaent  requirements  are  expected  to 
becoae  more  prescriptive  and  wore  diagnostic,  as  opposed  to  simply  descriptive.  In  the 
multiple-cockpit,  coaposlte-force  exercise  environment,  performances  will  be  characterized  more 
at  the  level  of  the  fighting  eleaent.  Performances  at  this  level,  to  be  monitored  effectively, 
will  require  a  significant  degree  of  on-line  processing  of  individual  and  element-level 
perforaance  data.  Instructors  will  be  aore  Interested  In  the  ‘flow  of  the  battle*  and  less  with 
individual  perforaance  metrics.  New  display  concepts  must  be  developed  which  are  not  limited  by 
the  current  sequential  nature  of  displays.  Display  formats  aust  be  developed  that  enable  the 
Instructor  to  process  different  Information  sources  In  parallel.  Aiding  In  this  level  of 
Instructor  Interaction  with  the  battle  will  be  the  use  of  artificial  Intelligence  driven, 
eabedded  systea  models. 


Unit-Level  Simulation  Capabilities 

While  It  would  be  ideal  to  think  In  terms  of  an  eventual  ability  to  'download*  the 
center-level  training  capability  to  the  level  of  the  operational  unit,  the  plan  aust  consist  of 
alternatives  which  are  do-able  In  the  near-tern  timeframe  and  which  would  serve  to  complement  the 
training  'center*  concept  now  under  consideration. 

One  option  is  to  pursue  the  use  at  the  unit  level  of  ’onboard  simulation*  approaches  or 
eabedded  training  systea  methods  that  rely  on  day-to-day  use  of  the  operational  equipment  Itself 
(Lambert,  1902;  Bailey,  1993;  Breglla  i  Coblitz,  1904;  landy,  1960).  Such  a  notion  would  be 
consistent  with  projected  trends  for  Increased  dispersion  and  Increased  mobility  of  fighting 
forces  In  the  future.  This  assumption  could  prove  wrong  should  the  cost  of  the  technology  becoae 
so  affordable  as  to  allow  a  significant  downloading  of  training  center-level  capability  to  the 
unit  level.  If  this  should  prove  to  be  the  case,  the  remarks  to  be  made  relative  to  center-level 
instructional  features  would  also  apply  to  Instructional  features  found  at  the  operational  unit 
level. 

Several  of  the  aspects  of  onboard  and/or  eabedded  training  system  approaches  serve  to  drive 
Instructional  considerations.  In  the  case  of  current  airborne  systems,  most  rely  upon  a 
post-alsslon  reconstruction  of  events  for  their  Implied  effectiveness.  Real-time  feedback  Is 
often  deficient  or  tacking.  Careful  consideration  aust  be  given  the  Impacts  of  this  lack  of 
real-time  feedback.  There  Is  a  substantial  literature  to  suggest  that  the  mere  post-performance 
replay  of  events  Is  not  a  sufficient  condition  for  performance  change.  'Training  features' 
should  not  be  considered  as  limited  only  to  those  things  that  an  Instructor  might  do  In 
conjunction  with  an  I OS  or  I0S-11ke  device,  but  rather,  that  they  encompass  all  those  features 
which  serve  to  ensure  that  learning  takes  place. 

With  regard  to  onboard  simulation  concepts  such  at  those  demonstrated  with  the  Air  Force  F-1S 
Integrated  flight  and  Fire  Control  Onboard  Simulation  capability  (Lambert,  1962;  Landy,  1960), 
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limitations  on  the  display  of  critical  out-of-coekpit  visual  cues  may  well  be  overcoae  with  the 
introduction  of  Improved  helaet  display  concepts  In  the  operational  cockpit.  By  capitalizing  on 
Improvements  In  Image  generator  size  and  weight.  It  aay  be  possible  for  operational  equipment  to 
have  an  Internal  coaputer  laage  generation  capability  onboard  (Breglta  S  Coblltz,  1994).  Such  a 
capability  would  prove  valuable  not  only  for  extending  the  nuaber  of  visually  aedlated  tasks  that 
could  be  trained  In  the  systea.  but  also  for  visual  augaentetlon  of  actual  alsslon  cues  (e.g.. 
alsslle  launch  cues  and  signatures)  as  well.  Current  capability  for  supporting  air  coabat 
aaneuverlng  engageaents  could  be  further  laproved  through  the  Incorporation  of  an  onboard 
adaptive  Mneuverlng  logic  to  drive  the  actions  of  a  fully  Interactive,  'smart*  opponent. 


III.  RESULTS 

By  all  Indications  It  would  appear  that  sleutatlon  will  continue  to  be  a  significant 
coaponent  of  tactical  aircrew  training  well  Into  the  1990s.  The  technology  In  this  area  will  be 
driven  by  the  desire  to  extend  the  traditional  notion  of  a  sleulator  to  that  of  a  eultl-cockplt, 
multi-sensor  device  capability  by  the  lata  1980s.  The  ultleate  user  goal  will  be  to  arrive  at 
configurations  of  this  new  technology  which  prove  to  be  cost  effective  enough  for  fielding  at  the 
base  (wing  or  squadron)  level. 

Critical  technologies  for  asking  such  unit-level  basing  possible  lie  In  the  area  of  visual 
systee  display.  In  particular,  unit-level  basing  of  an  advanced  slaulatlon  capability  will 
di  pend  In  large  part  on  the  success  of  head-  and  eye-coupled  display  applications  and  the 
anticipated  reductions  In  overall  systea  costs  associated  with  adoption  of  this  approach. 

Near-tero  training  device  RED  goals  call,  by  the  early  to  eld  1990s,  for  the  functional 
Integration  of  a  eultlple-cockplt,  aultlple-sensor  device  capability  (using  head  and  eye  coupling 
either  In  a  helaet  display  or  doae  configuration)  with  a  state-of-the-art,  Inttruaented  range 
facility.  This  centralized,  center  concept  represents  a  significant  RID,  as  well  as  operational, 
event  or  milestone  with  respect  to  planning  for  future  aircrew  training  systems}  It  will  create 
an  Important  prototype  or  baseline  for  asking  Important  training  effectiveness  and  training 
frequency  decisions  relevant  to  both  an  expansion  of  the  center  concept,  as  well  as  for  an 
eventual,  unit-level  training  capability. 

Desires  to  develop  the  'perfect*  device  will  continue  to  drive  the  pursuit  of  new 
technology.  Although  the  cost  of  the  technology  per  se  may  In  fact  decrease,  the  desire  for 
Increased  capability  will  work  against  the  ability  of  the  user  to  support  an  effective, 
day-to-day  continuation  training  capability  (at  least  of  the  traditional  simulator  type)  at  the 
unit  level.  Options  for  a  unit-level  capability  rely  on  either  a  cost-effective  downloading  of 
the  Bore  traditional,  center-type  technologies,  or  the  adoption  of  an  onboard  simulation  or 
embedded  training  system  approach  at  the  operational  unit  level.  Again,  the  effective 
application  of  head-  and  eye-coupled  display  technologies  underlies  both  the  potentially 
cost-effective  downloading  of  center-like  capabilities  to  the  unit  level  as  well  as  advanced 
onboard  simulation  concepts  relying  on  In-cockpit  computer  image  generation  of  visual  displays. 

The  functional  Integration  and  co-location  of  major  aircrew  training  devices  and  Instrumented 
range  facilities  will  be  Important  too  for  the  opportunity  to  Investigate  novel  training 
features.  Of  particular  Interest  will  be  those  features  that  support  the  complementary  use  of 
advanced  range  and  simulation  concepts.  The  development  of  accurate  and  reliable  methods  for 
obtaining  time-state-position  Information  at  all  levels  of  the  airspace  will  continue  to  be  an 
Important  technology  underlying  effective  performance  measurement  In  the  operational  range 
environment.  Such  performance  mrssu'ement  Is  critical  both  on  the  range  and  in  the  simulator  for 
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ths  accurate  reconstruction  of  complex  performance.  It  will  be  through  the  application  of 
advanced  data  processing  methods,  and  potentially  artificial  Intelligence,  that  new  perspectives 
wilt  emerge  froa  the  graphic  reconstruction  of  performance  data.  Such  graphic  reconstructions 
will  provide  new  perspectives  on  the  performances,  not  only  to  the  aircrew  but  to  the  analysts  as 
well.  A  secondary  product  of  this  capability  to  apply  sophisticated  analytical  techniques  to  the 
display  of  cowplex  performances  will  be  training  devices  which  allow  the  aircrew  to  experiment 
with  the  multiple  contingencies  (the  what-lf's)  of  advanced  tactical  situations  in  relatively 
Inexpensive,  desktop  situations. 

Undoubtedly,  a  key  training  area  to  be  emphasised  with  this  emerging  capability  to  exploit 
the  complementary  training  functions  of  the  range  and  simulator  will  be  thet  of  electronic 
combat.  Not  only  will  a  novel  capability  to  raconstruct  performances  graphically  In  this  area  be 
developed  and  refined,  but  the  most  effective  ways  of  using  such  reconstructions  for  aircrew 
debriefings  will  also  be  Investigated.  Augmented  visual  feedback  applications  will  be  pursued 
for  use  as  performance  aids  both  for  the  aircrew  and  for  the  Instructor.  Many  of  these  advanced 
display  concepts  will  eventually  find  their  way  Into  cockpit  display  applications.  Artificial 
Intelligence,  as  a  substantive  capability  develops  in  this  area,  will  be  expected  to  provide 
support  In  real-time  processing  of  an  Increasing  volume  of  performance  data. 

And  lastly,  the  traditional  IOS  will  undergo  an  evolutionary  process.  The  I0S  will  perform 
the  multiple  tasks  of  simulator  mission  control,  mission  planning,  mission  rehaarsal  and  plan 
revision,  and  mission  debrief.  The  graphics  display  capability  which  lies  at  the  heart  of  the 
IOS  will  become  the  meant  by  which  complex  performances  are  planned,  remotely  monitored,  and 
analysed.  In  short,  the  IOS  will  become  the  primary  man-machine  Interface  with  operator  and 
onboard  aircraft  systems,  ope.-stor  and  simulator,  and  operator  and  range. 


IV.  CONCLUSIONS 

The  next  decade  will  see  no  lessening  of  the  trand  to  seek  high-technology  solutions  to 
tactical  and  strategic  problems.  In  tome  Instances,  the  pursuit  of  new  technology  will  provide 
novel  and  more  effective  ways  of  doing  old  things.  In  some  Instances,  the  pursuit  of  new 
technology  may  make  only  more  expensive  new  ways  of  doing  the  same  old  thing.  While  today's 
training  tasks  may  be  trained  better  and  at  lower  costs  In  the  future,  the  same  technology  that 
brings  Increased  cost  effectiveness  also  whets  the  appetite  for  Increased  training  capability. 
The  bottom-line  effect  Is  that.  In  the  end,  fewer  training  devices  will  be  procured,  but  they 
will  do  more  and  will  do  ro  at  levels  of  cost  that  cither  approximate  or  exceed  current  costs. 

While  the  rule  of  ‘fewer  things  that  do  more*  nay  be  an  acceptable  goal  for  the  procurement 
of  weapon  systems,  It  is  not  an  acceptable  goel  for  training  devices  If  It  means  that  the 
majority  of  pilots,  In  the  present  cate,  never  benefit  fron  the  capability.  As  tong  as  aircraft 
tasks  remain  dependent  on  the  performance  of  the  trained  pilot,  the  relationship  between  practice 
and  proficient  performance  will  still  apply;  that  It:  Only  those  performance  tasks  which  are 
practiced  will  Improve;  those  tasks  which  are  practiced  most  frequently  will  show  the  greatest 
Improvement;  only  through  frequent  practice  will  performance  levels  achieved  through  training  be 
sustained;  only  where  training  conditions  approximate  the  conditions  of  the  criterion  (l.e., 
combat)  will  training  generalize  to  the  criterion  setting. 

Some  of  the  options  believed  to  be  available  to  the  Air  Force  through  the  next  decade  have 
been  explored,  bated  on  technology  availability  and  the  need  to  construct  aircrew  training 
systems  consistent  with  the  elementary  training  principles  outlined  In  the  previous  paragraph. 
The  primary  point  made  was  that  advanced  training  capabilities  and  features  must  be  understood 


within  *  total  training  system  context.  Secondarily,  an  attempt  has  been  wade  to  speculate  about 
the  nature  of  training  features  that  might  logically  follow  fro*  certain  assumptions  concerning 
technology  trends  and  the  means  by  which  that  technology  might  be  effectively  Implemented. 

The  primary  warning  expressed  In  the  paper  Is  that  the  pursuit  of  training  device  technology 
for  Its  own  sate,  while  approaching  the  limits  of  a  ‘perfect  device,*  Is  not  a  sufficient 
condition  to  ensure  that  subsequent  attempts  to  Implement  the  *gold-p1ated*  device  will  be 
successful  from  either  a  cost  or  a  training  standpoint. 

from  a  positive  standpoint,  the  technologies  necessary  to  support  an  effective,  day-to-day 
continuation  training  program  for  advanced  tactical  aircraft  are  within  sight  and  are  being 
effectively  worked  by  the  appropriate  organizations  within  the  Air  Force.  Foresight,  however, 
must  be  applied  In  channeling  these  efforts  Into  training  system  applications  that  will  come  In 
direct  contact  with  the  performance  of  the  pilot  In  the  field.  A  training  system  will  be 
effective  only  to  the  extent  that  Its  resources  are  structured  In  such  a  way  that  they  bring 
about  the  desired  levels  of  performance  change  and  are  able  to  effectively  sustain  that  level  of 
performance  over  time.  The  product  (high,  sustained  levels  of  pilot  and  weapon  system 
performance)  must  never  become  secondary  to  the  process  by  which  technology  and  user  needs 
Interact  to  create  new  training  and  training  device  capabilities. 
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